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Summary:

This report summarizes the outcome of the AFSOR grant FA9550-08-01-0117 during the project term
03/01/2008-12/31/2011.

Many important planning and design applications in uncertain environments involve service level or
reliability requirements. These include emergency planning, telecommunication network design, cancer
therapy planning, and financial optimization. Such requirements give rise to probabilistic or chance
constraints. The stochasticity and nonconvexity associated with such constraints make the underlying
optimization problem extremely challenging. Current approaches for probabilistically constrained
optimization problems are either not able to handle realistic problems or provide much too conservative
solutions. This project developed novel methods for this hard class of problems by combining ideas from
integer programming and statistical analysis.

Results:
The three key outcomes of the project are the following.

1. Sampling based approximations of probabilistic constraints: We studied integer programming
approximations of probabilistic constraints obtained by replacing the uncertain problem parameter
by a set of iid samples. We established asymptotic convergence of these approximations and also
schemes for bounding approximation quality from finite samples. The developed approach is very
general and is applicable to a wide variety of chance constraint problems. A tutorial on this
approached was given at INFORMS 2008.

2. Probabilistic set covering problems with correlations: Set covering problems are a very important
class of problems arising in various applications. Many important applications, e.g. emergency
response center location and sensor network design, give rise to set cover problems with uncertain
coefficients. Exploiting the fact these coefficients are Bernoulli random variables, we very effective
develop deterministic reformulations of these problems.

3. Cutting planes for probabilistic constraints with coefficient uncertainties: Solving integer
programming approximations of probabilistic constraints is very difficult. There has been earlier
work on developing methods for these problems when the uncertainty appears in the right-hand-
side of the constraints. We extended these approaches to problems when constraint coefficients are,
uncertain. This is a much more difficult problem.
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